ABSTRACT: Industrial development has lead to higher energy consumption, emission of greenhouse gases, as well as air pollutants. Cement factories play an important role in over all greenhouse emissions. This study aims to investigate the role of Iranian cement industries and their contribution of greenhouse gases contribution. The measured emission factors for oil and fuel gas shows that carbon dioxide contribution from fuel oil based cement industries is almost 2.7 times higher than gas based cement factories. The strength, weakness, opportunity and threat technique analysis showed that the best strategy to combat greenhouse gases from Iranian cement factory is to implement energy efficiency measures. Further, strategic position and action evaluation matrix analysis indicates that Iranian cement industries fall within invasive category. Therefore, exploitation of opportunities must carefully be used. One of these opportunities is the utilization of financial assistance provided by clean development mechanism. The results show that replacement of ball mills with vertical roller mill can reduce the electricity consumption from 44.6 to 28 kWh/ton. As a result of such substitution about 720 million kWh/y of electricity would be saved (almost a power plant of 125 MW capacities). Though implementation of new mills may not be economic for the cement industries' owner, but the overall gain for the government of Iran will be about US$ 304 million. If the duration of such efficiency measure is considered as about 12 y, then the overall CO 2 reduction/phase-out would be around 4.3 million tons.
Reduction of environmental pollution through optimization of energy use in cement industries

INTRODUCTION
Energy, efficiency and environment are of high importance and interest to many researches from various dimensions (Panjeshahi and Ataei, 2008; Barros and Assaf, 2009; Zare and Chen, 2009) . Energy security in demand and supply sides and the geopolitical issues arising from global actors such as Iran are subjected to detailed studies (Coskun, 2009) . Cement manufacture use high amount of energy which consequently causes environmental impacts at all stages of the process (Chiou et al., 2009) . These include emissions of airborne pollution in the form of dust, gases, noise and vibration when operating machinery and during blasting in quarries (Zerrouqi et al., 2008 and Nasr et al., 2009) . The cement industry has recognized that the cost of energy can be significant, varying between 25 % and 35 % of total direct costs. Con sequently, the in dustr y is continuously investigating and adopting more energyefficient technologies to improve its profitability and competitiveness (Tehrani et al., 2005; 2009) . In particular, plants have moved steadily away from less energy -efficient wet process kilns toward the more fuel-efficient dry process kilns (Choate, 2003; Mohsenzadeh et al., 2006) . Gielen and Taylor (2009) concluded that certain energy consuming sectors such as cement are relatively efficient in India. Avami and Sattari (2007) have reported that energy saving potential equivalent to US$ 50 million is feasible in 30 cement factory of Iran. Emission of greenhouse gases can be reduced from 752,156 to 560,791 Gg CO 2 equivalents in 2010 by implementing the policies proposed for the energy sub-sectors (Karbassi et al., 2007) . In the recent years, some attention has been paid to the energy efficiency measures in Iran. For example, energy efficiency as well as application of renewable energy h as been investigated in commercial buildings (Abbaspour et al., 2006; Karbassi et al., 2008a, b) . However, it should be pointed out that due to high subsidized energy supply in Iran, residential, commercial and industrial sectors do not have enough incentive to reduce their energy uses (Karbassi et al., 2007; Shafipour et al., 2007) . Therefore, it is very important to know the exact amount of energy consumption in cement factory of the country and subsequently provide proper measures to reduce pollutants as well as greenhouse gases (GHGs). One of the few ways of reducing CO 2 from cement production is CO 2 capture and storage (Barker et al., 2009) . Improvement of energy efficiency and regulation of emission of pollutants from passenger vehicles could provide effective means of easing the negative economic and environmental impact of urban transport systems (Farzaneh and Saboohi, 2007) . Energy and exergy efficiencies of raw mill were investigated for plant performance analysis and improvement in Turkey (Utlu et al., 2006) . Production optimization and quality assessment of biodiesel from waste vegetable oil is improved (Refaat et al., 2008) .
In the present investigation, the internal and external aspects, as well as role of high efficient mills are studied in over all energy saving. The potential for carbon reduction is also discussed. This research is carried out in the 2009 and covers cement factories all over Iran.
MATERIALS AND METHODS
Three cement factories namely Tehran, Ardabil and Shahroud with different functional background were selected for field measurements. Therefore, their average results can be applied to the whole cement industries of the country. Moreover, continuous sampling method that is more accurate than random an d moment measurement is applied. Th e measurement of pollutants was carried out for a continuous duration of 32 h. In each of the above mentioned industries, about 265 readings was done. The concentrations of pollutants were measured by varip plus analyzer (MRV). Table 1 shows the pollutants and their methods of measurements. Furthermore, role and importance of management system to reduce greenhouse gases has been evaluated from the strategic point of view using SWOT and QSPM matrixes.
RESULTS AND DISCUSSION
The amount of CO 2 production is highly dependent on the cement processes. For instance, combustion of fuel (oil or gas) produces large amount of CO 2 . In addition, considerable amounts of CO 2 are released by limestone calcinations. The obtained emission factors for greenhouse gases along with other pollutants are presented in Tables 2 and 3 .
It should be noted that the amount of cement production has been variable from 175 to 180 tons/h in Tehran cement factory. Also in Tehran cement factory, the amount of heavy oil consumption ranged from 8200 to 9100 L/h during sampling. Therefore, the higher CO 2 production in Tehran cement factory can be attributed to the higher heavy oil use rather than two other factories. Since the emission is given for a ton of clinker, it automatically includes other variables such as technology and energy efficiency in the given industry. High SO 2 content in all the three cement factories is due to removal of sulfur by alkaline materials. In the case of Shahroud cement factory, the 
